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ABSTRACT
This paper reports original research from two recent
studies in the Antarctic Peninsula area, reviews past sighting
information and policies affecting mysticete whales, and
recommends future research.
During 426 linear nautical miles of surveys conducted in
January 1987 as part of the United States Antarctic Marine
Living Resources (AMLR) hydroacoustic krill survey, a total
of 128 minke whales Balaenoptera acutorostrata, 21 humpback
whales Megaptera novaeangliae, and 1 killer whale Orcinus
orca were seen. The observed densities of minke whales and
krill Euphausia superba were significantly correlated. From
1985 to 1987 32 humpback whales were individually identified
from Antarctica on the basis of distinctive patterns on the
ventral side of the tail flukes. Four right whales were
individually identified from callosity patterns on the head.
Due to poor management by the International Whaling
Commission, mysticete whales are among the most severely
depleted species groups in the Antarctic. The combined total
Antarctic harvest from 1920 to 1986 for blue Balaenoptera
musculus, fin B. physalus, sei B. borealis, minke B.
acutorostrata and humpback Megaptera novaeangliae whales was
over one million animals. The effect of this hunting pressure
is the dominant factor determining the present status of
Antarctic mysticete whales and has probably altered the
trophic relationships of these and other Antarctic fauna.
Dramatic changes, probably resulting from over-hunting, may
have occurred in the species composition of mysticete whales
of the Peninsula area. Published estimates of abundance for
mysticete whales of Antarctica do not agree with recent
sightings data from the Antarctic Peninsula area. Fin, blue
and sei whales were not seen and there are no records of
these species from the Peninsula area during recent years.
Humpback and right whale Eubalaena australis abundances
appear greater than published estimates predict. New threats
to whale populations are emerging as a result of growing
interest in the Antarctic krill Euphausia superba fishery. The
Antarctic Peninsula area is one of the primary sites of this
krill fishery. The 1982 Convention for the Conservation of
Antarctic Marine Living Resources (CCAMLR) requires signatory
nations to manage living resources from an ecosystem
perspective, to maintain ecological relationships between
harvested, dependent and related species and to restore
depleted populations. Mysticete whales prey on krill in the
Antarctic and will be a key component in ecosystem models.
Considering the uncertain status of mysticete whale
populations, the emerging krill fishery, and the needs of the
CCAMLR scientific committee, additional surveys are needed in
the Antarctic Peninsula area to provide current information
on the composition, relative abundances and trophic
relationships of these cetaceans for management and ecosystem
monitoring purposes.
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CHAPTER ONE
INTRODUCTION
Antarctica and its surrounding atmosphere and ocean are
at the center of many environmental, scientific, and
commercial debates. Along with too few other areas on our
planet, Antarctica is a vast undeveloped region that is only
beginning to show major effects from human activities. The
primary issue on and near the land is the regulation of
Antarctic mineral resources, with a treaty negotiated in 1988;
the major issue in the skies over Antarctica is the
stratospheric ozone "hole" first detected in 1985; and the
primary marine issues revolve around the management of the
living resources through the 1982 treaty titled the Convention
for the Conservation of Antarctic Marine Living Resources
(CCAMLR) .
This paper is about what information is needed by CCAMLR
to make wise management decisions for Antarctic mysticete
whales. I have approached this by reporting original research
I conducted in Antarctica and then by describing the context
in which this data exists by reviewing whaling, krill fishing,
and the CCAMLR treaty. This paper will: 1) expose the state
of our knowledge about whale populations in the Antarctic
Peninsula area; 2) discuss why information is needed by CCAMLR
in order to effectively manage mysticete wnales; and 3)
suggest three areas for future research in order to meet the
needs of CCAMLR.
At present there is not enough information in the
scientific literature about mysticete whales of the Antarctic
Peninsula to make any management decision. Existing summaries
of cetacean abundances and species composition for Antarctica
do not accurately describe the situation in the Peninsula
area. These summaries are based on broad generalizations and
the simple arithmetic of sUbtracting the number of whales
killed during this century from the pre-exploitation
population estimates. Research reported here and other
published data will show how these summaries and these
approaches are of no value in the Antarctic Peninsula area.
It is extremely important for CCAMLR to recognize these
inadequacies and to plan research programs to gather
information in this area. The Peninsula is a primary target
area for krill fishing, and data in this paper and other
published accounts point out that it is a feeding ground for
the endangered right and humpback whales. Even though CCAMLR
has identified a need to conduct research on whales, at
present there is no directed research on cetaceans in the
Antarctic Peninsula area.
The United states is in the best position to conduct such
research through the now four year old U.S. Antarctic Marine
Living Resources (AMLR) program, although AMLR has not yet
made a commitment to conduct such research.
Particular topics of investigation that are needed
include research on abundance and energy requirements of
mysticete whales in this region to aid CCAMLR in determining
2
the potential effects of the krill fishery on the whales.
What is the threshold level of krill abundance that whales
require in order to feed? Is it possible for the krill fishery
to lower the abundance of krill below such a level? Are there
special areas that should be excluded from the krill fishery
for the sake of the whales and other predators? At the very
least CCAMLR needs better estimates on species composition
and abundance than is currently available.
3
CHAPTER TWO
CETACEAN RESEARCH
2.1 Methods
Sighting Surveys in South Shetland Island Area.
A series of transect surveys for cetaceans were
conducted from 2 to 18 January 1987 (Stone 1987; AMLR 1987).
Observations were recorded from the bridge (15 meters above
sea level) of the Prof. Siedlecki in 15 minute periods, where
each period represented a transect (Powers et ale 1980). Since
the cruise speed of the vessel was 8 nautical miles per hour,
each transect covered a linear distance of 2 miles.
For each 15 minute transect the following environmental
data were recorded: wind speed and direction, sea state,
visibility, sea temperature, water depth, krill density
(estimated metric tons/square nautical mile), vessel course
and position. Krill density estimates were supplied by the
Polish hydro-acoustic investigation on the Prof. Siedlecki
(Kalinowski pers. comm.) and were derived using standard
methods (BIOMASS 1986). Cetacean sightings were recorded with
the time, position, and right angle sighting distance from the
vessel cruise track. Estimates of cetacean density are derived
from the right angle sighting distance using line transect
methodology (Eberhardt et ale 1979; Burnham et ale 1980; Scott
and Gilbert 1982; Payne, Selzer and Knowleton 1984).
Cetacean sightings decrease significantly when wind
speeds are greater than 17 miles per hour due to increase in
waves and "white-caps" on the ocean surface (Payne, Selzer and
Knowleton 1984). Only those portions of the cruise track when
wind speeds were less than 17 miles per hour and visibility
greater than 2 nautical miles are included in the following
analysis.
To test for a relationship between krill and minke whale
densities, the transect data were divided into 39 samples
measuring 8 by 2 nautical miles. Each sample represented 1
hour of transect observation over 16 square nautical miles.
Within each sample the mean krill and mean minke whale
densities were calculated. Fifteen (15) of the 39 samples
contained observations of both krill and minke whale densities
that were greater than O. These 15 samples were tested for
statistical correlation.
Individually Identified Antarctic Humpback and Right Whales
In addition to the 1987 surveys and those already
published (Stone and Hamner 1988), photographs of individually
identified humpback and right whales from Antarctica were
collected in order to assess the feasibility of using such
data to study behavior and migration. Photographs were
contributed by researchers from College of the Atlantic,
Universi ty of California (Los Angeles), British Antarctic
Survey, Japanese Whale Research Institute, and the Lindblad
Explorer.
The variety of morphological
5
differences between
individual humpback whales has been noted since the beginning
of this century (Lillie 1915; Mathews 1937; Pike 1953;
Schevill and Backus 1960). Researchers in both the Atlantic
and Pacific oceans have used, among other features, the
patterns of black and white pigmentation on the ventral side
of the tail flukes to identify individuals and to study
humpback whale behavior, ecology, migration patterns, and to
estimate population sizes (Katona et ale 1979; Perkins et al
1982; Darling et ale 1983; Tyack and Whitehead 1983; Baker et
ale 1985; Katona 1986; stone et ale 1987).
Right whales also possess unique morphological features,
particularly the regions of cornified epidermis on the head,
called callosities. Callosities have been used to identify
individual right whales off the coasts of Argentina (Payne et
ale 1983), South Africa (Best 1981) and along the eastern
coast of the United States (Kraus et ale 1987).
Both humpback and right whales were photographed using
standard methods (Payne et ale 1983, 1984; Katona et ale 1979,
1980; Kraus et ale 1987). In Antarctica the best system is a
35 mm camera with a 200-300 mm lens and film speeds of 400 ASA
(27 DIN) or higher. Humpbacks should be followed, preferably
by a small inflatable boat, until the tail fluke is raised
from the water prior to a deep dive. The photograph should be
taken when the plane of the fluke is at its maximum angle to
the plane of the water surface, with perpendicular being
optimal. The best right whale photographs will also be
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obtained from a small inflatable boat. Callosity patterns
should be photographed from both the right and left sides of
the head at the time when the head is farthest out of the
water, usually just after the whale has breathed.
All humpback photographs were printed in standard
catalogue format (black and white with image area 5 em by 9
em) and archived at College of the Atlantic. Each individually
identified whale was assigned a catalogue number, beginning
with #9000 for the Antarctic region, and organized into a
pattern gradient from white to black. The relative percentage
of black pigmentation on the ventral side of humpback flukes
was measured using a planimeter. Computer data files with
associated behavioral and environmental information were
created for each photograph using the DBASE III-Plus database
management system.
2.2 RESULTS
During 426 linear nautical miles of surveys in 1987 on
the Prof. Siedlecki a total of 128 minke whales Balaenoptera
acutorostrata, 21 humpback whales Megaptera novaeangliae, and
1 killer whale Orcinus orca were seen (Figure 1).
Minke whales were the most frequently observed cetacean,
and all sightings were in the Bransfield Strait and the waters
between Elephant and King George Islands. Although 160 miles
of transect (37% of survey effort) were conducted to the north
of Elephant Island, no minke whales were observed in this
7
Figure 1. Survey Results.
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area. There were a total of 42 groups with a mean group size
of 3.3 (s.d. = 2.3). The mean density of minke whales was 0.30
(s. d. = 0.33) whales/square nautical mile. Krill were present
during all minke whale sightings. Minke whales were not
present during all times that krill were observed (Figure 2).
When both minke whales and krill were observed together, their
relative densities were significantly correlated (R-square =
0.5, Probability> F = 0.0018, C.V. = 46.5.).
Twenty-one (21) humpback whales were sighted: 7 in the
Bransfield Strait, 2 in Admiralty Bay near the Polish research
station Arctowski, and 12 to the northwest of Elephant Island
(Figure 1). A total of 5 groups were seen with a mean group
size of 4.2 (s.d. 4.4). The mean density of humpbacks was
0.03 (s.d. = 0.11) whales/square nautical mile throughout the
cruise track.
At the time of this writing, 32 individual humpback
whales have been identified on the basis of fluke pigmentation
patterns and one (1) whale was identified by distinctive
scarring on its back (Appendix I). The percentage of black
pigmentation on the ventral side of the flukes ranged from 0%
to 100% with a mean of 42% (s.d. = 32%). Twenty-four (24)
flukes were photographed in the Gerlache Strait during 1986
(Stone and Hamner 1988), 6 from Arthur Harbor on. Anvers
Island (1985), 1 from the waters adjacent ~o the British
research station Faraday 30 miles south of Anvers Island
(1986) , and 2 from unknown areas in Antarctica. Six (6)
9
Figure 2. Minke whale density vs. estimated krill biomass
(tons/square nautical mile). R-squared = 0.5, Prob )F=.00l8,
C.V. = 46.5.
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fluke photographs show what appears to be a thin layer of
diatom growth (#9003, #9004, #9005, #9007, #9012, #9012),
which, when seen in color, appear as a light orange film
through which the pigmentation pattern can still be seen.
Two (2) flukes (#9006 and #9010) have killer whale
Orcinus orca teeth scars on the ventral side. The humpback
whale with distinctive scars on its back was seen twice during
the 1986 study on 14 and 17 April at locations 45 miles apart.
All fluke photographs were compared to the North Atlantic
Humpback Whale Fluke Catalogue, also archived at College of
the Atlantic, to check the possibility that migrating whales
might cross the equator, using both the North and South
Atlantic Oceans. No matches were found in this comparison.
Four (4) right whales were individually identified from
the Gerlache Strait during 1986. One (1) right whale,
identified on 12 April 1986 was also seen during a previous
cruise on 7 January 1986. The two locations were 70 miles
apart. These Antarctic right whales were compared with a
collection of approximately 623 right whales identified off
the coast of Argentina near the Peninsula Valdez by Roger
Payne (Payne et a1. 1983; Payne and Rowntree 1984). No
matches were found in the comparison.
2.3 DISCUSSION
The survey results from the South Shetland Island area
are in general agreement with other recent mysticete whale
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sighting data from the Antarctic Peninsula (Figure 3, from
Bonner 1982; Leatherwood et al. 1982; Ohsumi 1983; Erikson et
al. 1983; Kasamatsu 1984; Kasamatsu and Miyashita 1984;
Hamner et al. 1988; stone and Hamner 1988). Minke whales
appear to be most common followed by humpbacks. No right
whales Eubalaena australis were seen during this survey, but
other sightings indicate they are probably the third most
common mysticete whale in the area (stone and Hamner 1988).
Only one odontocete whale was seen during the AMLR survey and
there are few published records of odontocetes from this
region. Additional surveys will be needed before inferences
can be made concerning this sub-order of cetacean, but
southern bottlenose whales Hyperoodon planifrons, pilot whales
Globicephala sp., and killer whales have been reported during
recent years (Hanson and Erikson 1985; Stone and Hamner 1988).
The correlation between minke whale densities and
estimated krill biomass indicates that when minke whales are
present their density may be an indicator of krill abundance.
There were no minke whales observed when krill estimates were
below 30 tons per square nautical mile. This result suggests
that a profitable line of investigation may be to determine
if there is some critical threshold level of krill abundance
to support minke or other whale species. If repeated samples
could verify and fine tune this result, this information would
aid CCAMLR in deciding to what levels the krill resource can
be fished before whale populations are impacted.
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Figure 3. Mysticete whale sightings. See text for sources .
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The Antarctic cetacean individual identification effort
described here and elsewhere (stone and Hamner 1988) is a
foundation upon which future work can build. As shown by
similar projects in the North Pacific and North Atlantic
Oceans, a time series data base of five or more years is
required before detailed population estimates are possible.
In addition, photo-identification programs need to be
implemented on the northern breeding grounds of these species
before long distance migration patterns can be determined with
certainty.
Historically, information concerning humpback whale
migration . patterns in the Antarctic is available from the
Discovery tags that were implanted in live whales and later
recovered during whaling operations (Mackintosh 1965). It was
hypothesized that Antarctic humpback whales are divided into
five separate stocks (Rayner 1940; Mackintosh 1965). For
example, numerous recoveries of tags from the Indian Ocean
sector (IWC areas IV and V) clearly show that humpbacks
migrate between Antarctica and the Australian coasts. But
migration patterns and stock structure of the humpbacks in the
Antarctic Peninsula area have only been inferred from
historical sightings and catch statistics. This was partly due
to the fact that this region was included in a whale
sanctuary from 1938-1955 when no tags could be recovered.
The wintering grounds for humpback whales to the west of the
Antarctic Peninsula, which includes the area from which all
14
but two of the animals identified thus far were photographed,
is predicted to be off the coasts of Chile, Peru, and Ecuador
(Mackintosh 1965). But it is also possible that these whales
migrate up the eastern side of South America to winter off the
coasts of Argentina, Brazil and Uruguay. The swimming
distances from the Gerlache Strait to Peru or to Brazil is
approximately the same. The photographs described in this
paper can be used in conjunction with photo-identification
studies off both South American coasts to see where these
whales winter over.
Like other mysticete whales of the Antarctic, right
whales probably migrate north in winter and south in summer,
but much less is known about right whale migration because
they were not tagged and hunted during this century as
extensively as humpbacks. It is likely that the right whales
identified during this study also winter either off the east
or west coast of South America where there are known
populations (Townsend 1935; Clarke 1965; Payne 1976 and In
Press; Cardenas et al. 1986). The lack of matches between
these right whales and Payne and Rowntree's (1984) collection
from Argentina suggest that perhaps the corresponding low
latitude breeding area might be off the coast of Chile, or
that perhaps the whales do not go to South America at all.
In any case, individual photo-identification of right whales
in Antarctica and South America might help delineate migration
patterns and stock structures for this species.
15
CHAPTER THREE
CONSERVATION AND POLICY
3.1 GENERAL WHALING HISTORY
Mysticete whale populations are depleted throughout the
world's oceans following several centuries of dedicated and
extensive hunting. The most devastating whale fishery of all
occurred in the Antarctic during this century, when
factory-ship fleets killed over one million whales (Harmer
1928; Mackintosh 1965; Gulland 1977; Tonnessen and Johnson
1982; Mizroch 1984, 1985; Gambell 1985). Never before had so
many whales been killed in such a short span of time.
All stocks of Antarctic mysticete whales, except perhaps
minke whales, were severely depleted by this harvest. Figure
4 summarizes the Antarctic catch history for mysticete whales
from 1920-1986, and significant events that paralleled the
fishery. A moratorium on commercial whaling in the Antarctic
went into effect after the 1986-87 season.
Blue, Fin, and Sei Whales.
Blue whales were the first rorqual whale population in
the Antarctic to be aggressively hunted, depleted and then to
crash. The largest cetacean biomass ever harvested in the
Antarctic was in 1930 and it consisted almost entirely of blue
whales. By 1935, few blue whales remained and the whalers were
forced to hunt the smaller fin whale to turn a profit. Fin
whale stocks also became depleted and the whalers then
harvested the even smaller sei whale until its population
crashed as well.
Figure 4. Antarctic catch of mysticete whales 1920-1985. (Data
from Bureau of International Whaling Statistics and Mizroch,
1984) .
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1904- Modern whaling begins with land stations.
1920- Factory ship whaling begins.
1930- Largest biomass harvested.
1931- Price fixing in whale oil market results in small catch.
1930s-B1ue whale populations decline.
1937- IWC begins to organize. Right whale is protected.
1938- 55, Antarctic Peninsula part of whale sanctuary.
1942- WW II
1944-46 IWC organized- catch limit is 16,000 BWUs.
1950s and 60s- Fin whale populations decline.
1959- Antarctic Treaty- general principles of conservation.
1962- Experimental harvests of krill by USSR and Japan.
1963-64 Chapman et a1. recommend sensible quotas.
1963-67 Blue and humpback whales p~tected.
1971- First factory ships equipped for minke whales arrive.
1972- BWU abandoned.
1975- New Management Procedure adopted by IWC.·
1976- Fin whale protected.
1978- Sei whale protected.
1982- IWC commercial moratorium. Goes into effect 1987-88.
1982- Convention for the Conservation of Antarctic Marine
Living Resources.
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The serial depletion of first blue, then fin, then sei
whales is one of the saddest examples of mismanagement of a
natural resource in modern times. In the early 1960s, the
whaling industry and the IWC was advised by the IWC' s
scientific committee that the harvests of all whales were
dangerously high and the populations could not sustain such
pressure (Chapman et ale 1964). Blue and humpback whales,
already depleted below commercial levels, were protected at
that time. Fin and sei whale stocks, however, were still
strong enough to save, but the whaling countries chose the
short-term profits of large catches rather than an estimated
annual sustainable yield harvest of about 10,000 whales for
each species (Gulland 1972; McVay 1974).
Humpback Whales
Antarctic humpback whales were depleted, but not in the
same methodical fashion as blue, fin and sei whales. The
humpback stocks were initially hunted during the 1800s on
their northern breeding grounds by the Yankee sailing fleets
and by shore-based whalers in Australia, South Africa, and
South America. Then, from 1904-1920 Antarctic land whaling
stations (such as on South Georgia and King George Islands)
harvested more than 25,000 humpback whales. The remaining
population was hunted, under the protection of limited
regulation, until 1963 when the species was finally protected.
Nonetheless, over 68,000 humpbacks were killed in the
18
Antarctic during the 20th century and the remaining population
is estimated to be about 5% of its original pre-whaling size.
Right Whales
Southern hemisphere right whales were depleted and
commercially extinct almost 100 years before Antarctic
whaling began and little is known about the small remaining
population. By 1850 over 190, 000 right whales were killed
world-wide in waters north of the Antarctic convergence
(Harmer 1928). Right whales are not included in most reviews
of Antarctic cetacean fauna south of the Antarctic convergence
and there are no reported kills of them in the whaling records
from this century. But recent data (Goodall and Galeazzi 1986;
Bonner 1987, Stone and Hamner 1988; Hamner et a l , 1988)
suggest that right whales may be more abundant than previously
thought or that they are showing evidence of recovery in
Antarctic waters.
Minke Whales
Minke whaling in the Antarctic began during the 1970s
and it is unlikely that this species has undergone the same
severe depletion as the other mysticete whales. There has
even been speculation that minke whale stocks actually
increased because of a possible surplus of krill (see, for
example, Knox 1984).
19
Poor Management
Throughout this century, the IWC has been the primary
mechanism for managing and conserving Antarctic whale stocks.
They have done a very poor job of it. The problem with the
IWC's management policies was linked to the organization's
original mandate, which was to conserve whale stocks while
allowing for their rational utilization. During the peak of
Antarctic whaling the IWC was run primarily by the countries
operating the factory whaling fleets, namely, Norway, the
United Kingdom, and the United states. During those years
commercial interests were put ahead of conservation.
When the IWC was organized in 1946, a false attempt to
control whaling was made by the introduction of the Blue Whale
Unit (BWU). One BWU was equal to one blue whale, or two
finbacks, or two and one-half humpbacks, or six sei whales.
This management system had no regard for the viability of
individual species. All Antarctic whales were treated as one
group of animals from which a certain biomass could be
harvested annually. And the original quota of 16,000 BWU was
so high that it was all the whalers could do to catch that
many whales each year. The BWU was finally abandoned in 1972
when the Antarctic was recognized as the mUlti-species whale
fishery that it was.
Perhaps the reckless harvests that undermined the blue
and humpback populations could be forgiven because the whalers
hunted without clear knowledge or scientific advice on what
20
they were doing. But there is no excuse for the demise of fin
and sei whale stocks because it was due entirely to the greed
of the whaling countries and the impotence of the IWC in
matters of conservation.
Today, it has been possible for the IWC to implement more
rational conservation and management policies because it has
many members who do not have an interest in whaling. Still,
it is no easy task because responsible management requires not
only regulation of catches, but also complicated ecosystem
models and perspective that are presently just beyond the
reach of population biologists. In many ways it remains guess
work as to what to do.
3.2 MYSTICETE WHALES IN THE ANTARCTIC PENINSULA REGION
An area of primary interest to CCAMLR is the Antarctic
Peninsula because of the presence of large krill schools and
active krill and finfish fisheries (FAD 1984, 1985).
Catch records of cetaceans from this area for the years
1920 to 1986 include blue whales, fin whales, sei whales,
humpback whales, and minke whales (Mizroch 1984, 1985; BIWS,
1987). Pre- and post- exploitation population estimates for
the major hunted mysticete whales of the southern hemisphere
have been summarized by Breiwick and Braham (1984) and are
presented below in decreasing order of estimated abundance
(Table 1).
It is worth noting, however, that there have been no
21
comprehensive surveys for cetaceans in the Antarctic or the
southern hemisphere, other than recent efforts to estimate
minke whale abundance (Cooke 1987). The estimates in Table 1
are really "best guesses" based on the limited sighting
records that do exist and the records of the whaling industry.
It is not clear how these estimates were derived.
Unfortunately, this is the best information available and all
management decisions affecting these species will rely on such
data, unless new data is collected or made available in the
literature from previously unpublished work.
Table 1. Population estimates for southern hemisphere
mysticete whales.
From Breiwick and Braham (1984)
SPECIES PRE-EXPLOITATION POST-EXPLOITATION %REMAINING
fin 400000 85200 21%
sei 63800 10780 17%
blue 180000 5000 3%
humpback 100000 2700 3%
right 300000 3000 1%
These data indicate that, of the large mysticete whales,
fin and sei are the most abundant in the Antarctic, followed
by blue and humpback. The right whale estimates are also for
the southern hemisphere but most sources recognize the dearth
of information on right whale distribution south of the
Antarctic convergence (Gambell 1985), or do not even include
right whales as members of the Antarctic cetacean fauna (FAO
1985). They are included here because recent sightings
indicate they are regular members of the Antarctic cetacean
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fauna, at least in the Antarctic Peninsula area (stone and
Hamner 1988; Hamner et ale 1988).
The Breiwick and Braham estimates do not agree with the
data in this paper or other recently published data from the
Antarctic Peninsula. The actual species composition and
abundance for this area may be very different from what these
estimates predict, because records of live mysticete whales
for the Antarctic Peninsula area during recent years include
sightings of only minke, humpback, and right whales, Figure
3 (Bonner 1982, 1987; Leatherwood et ale 1982; Erickson et
ale 1983; Hamner et. al 1988; Kasamatsu 1984; Goodall and
Galeazzi 1986; Ohsumi 1983; stone and Hamner 1988). There are
no records of fin, sei, or blue whales. In addition, one
National Science Foundation (NSF) researcher, knowledgeable
in cetacean identification and who spent five seasons and over
400 days at sea (1982-1986) in this area, reports he has never
seen blue, fin, or sei whales, nor has he heard of any
sightings for these species from other researchers and crew
of the NSF R/Vs Hero and Polar Duke (vessels that have
regularly cruised these waters); the only species of mysticete
whales seen were minke, humpback, and right whales (B. Hamner
pers oom , ) .
Except for minke and humpback whales, there have been
no reported sightings of any other rorqual whale for this area
during recent years, even though catch records include blue,
fin and sei whales. Whether this lack of sightings is due to
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sampling effort bias, different habitat utilization by these
species, or depletion by hunting is not known at present.
There are sightings of two fin and three sei whales during
1982-83 in the Drake passage, 400 nautical miles north of this
area, but this survey also reported minke and humpback whales
in greater abundance than the fin and sei whales (Kasamatsu
and Miyashita 1984).
3.3 THE KRILL FISHERY
As whale hunting in the Antarctic came to an end,
harvesting of krill began. Japanese and Russian vessels
experimentally harvested krill in the early 1960s, although
at that time whaling remained their primary and most
profitable fishery. As the fin and sei whale stocks crashed,
however, interest in krill by these and other countries
increased. The hypothesis that a tremendous surplus of krill
existed, because of the decline in whale stocks, was discussed
in the late 1960s (Mackintosh 1965, 1970). Krill harvests
continued to increase and, by the 1976-77 Antarctic season,
they were equal to mysticete whale harvests (Figure 5, derived
from Mackintosh 1970; FAO 1984; Kenney et ale 1983; AMLR
1987). After the 1976-77 season krill landings surpassed that
of mysticete whales.
24
Figure 5. Biomass harvests of mysticete whales and krill. See
text for sources.
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3.4 CCAMLR
When the Antarctic Treaty came into force in 1961, there
was little commercial interest in Antarctic krill. While the
Antarctic Treaty does not attempt to regulate resource
activities, article IX identifies conservation of Antarctic
living resources as an objective. Building on this original
objective and recognizing the errors of the whale fishery, the
consultative parties to the Antarctic Treaty decided in the
1970s to formulate a new international agreement specifically
tailored to address marine resource issues. The Convention for
the Conservation of Antarctic Marine Living Resources (CCAMLR
1982) was negotiated during 1977-1980 and was signed in
Canberra, Australia in 1982.
There is a growing awareness among marine fishery
scientists that complex interactions within ecosystems must
be considered in management models. The single-species
approach, which assumes the harvest of one species will have
little or no effect on other species, has been abandoned (see
for example Sherman and Alexander 1986). CCAMLR requires a
mul ti-species model for the Antarctic that includes both
man-species and species-species interactions. CCAMLR also
gives special consideration to the recovery of depleted
populations.
CCAMLR is an unprecedented milestone in" conservation
treaties for two reasons. It is the first conservation treaty
that went into force prior to the depletion of the resource
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that it is tailored to protect (krill). It is also the only
treaty that recognizes the boundaries of the entire ecosystem
within which the target species exists. The CCAMLR treaty
includes the Antarctic Convergence (as approximated by static
lines on a map), a dynamic oceanographic feature circling the
Antarctic that changes from year to year. Most treaty
boundaries are usually delimited by drawing a box o~ a map,
irrespective of ecosystem considerations.
It is the intent of CCAMLR to avoid the errors of the
whale fishery by conducting detailed ecosystem studies in the
Antarctic to determine sensible catch quotas for krill. The
guiding principles of the convention are:
Article II, beginning paragraph 3
Any harvesting and associated activities in the area to
which this Convention applies shall be conducted in
accordance with the provisions of this Convention and
with the following principles of conservation:
(a) prevention of decrease in the size of any harvested
population to levels below those which ensure its stable
recruitment. For this purpose its size should not be
allowed to fall below a level close to that which ensures
the greatest net annual increment;
(b) maintenance of the ecological relationship between
harvested, dependent and related populations of Antarctic
marine living resources and the restoration of depleted
populations to levels defined in sub-paragraph (a) above;
(c) prevention of changes or minimization of the risk of
changes in the marine ecosystem which are not potentially
reversible over two or three decades, taking into account
the state of available knowledge of the direct and
indirect impact of harvesting, the efrects of the
introduction of alien species, the effects of associated
activities on the marine ecosystem and the effects of
environmental changes, with the aim of making possible
the sustained conservation of Antarctic marine living
resources.
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CCAMLR brings together the research efforts, fishery
interests, and conservation goals of all the consultative
parties to the Antarctica treaty. Nations that have taken an
active role in CCAMLR research objectives include Argentina,
Australia, Federal Republic of Germany, France, Japan, Norway,
Poland, South Africa, United Kingdom, United States, and the
United Soviet Socialist Republic. These nations have
undertaken research directed toward resource management and
ecosystem monitoring including studies on krill, fish, birds,
cetaceans, zooplankton, ichthyoplankton, primary productivity,
pinnipeds, oceanography, and remote sensing.
Resul ts of the research are submitted to the CCAMLR
scientific committee, which is comprised of three working
groups concentrating on krill, fish and ecosystem monitoring.
The CCAMLR scientific committee synthesizes this information
and receives additional recommendations and data from other
scientific bodies including the Scientific Committee on
Antarctic Research (SCAR), Scientific Committee on Ocean
Research (SCOR), International Union for the Conservation of
Nature (IUCN), the International Whaling Commission (IWC),
the International Seismological Center (ISC), the
International Association of Biological Oceanography (IABO),
and the Advisory Committee on Marine Research (ACMR).
Operating with these various inputs, the CCAMLR scientific
committee makes recommendations to CCAMLR with regard to the
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status of Antarctic stocks and the Antarctic ecosystem,
additional research needs, possible effects of fishing
pressure on the Antarctic ecosystem, and catch quotas for
Antarctic marine resources.
At present the major shortcomings of CCAMLR are its
inability to regulate and enforce krill catch quotas and to
ensure the equal participation of all signatory countries in
the directed research program.
3.5 CCAMLR and Whales
For cetaceans, the CCAMLR scientific committee requires
information on options for the recovery of depleted
populations, based on a conservation regime that also allows
for the rational utilization of krill resources. This is, of
course, similar to the position of the IWC during the 1940s
when it was charged with conserving while allowing for the
harvest of the resource it managed. But CCAMLR has several
things in its favor that the IWC did not. First, there are
more countries in CCAMLR who do not at present have either a
capability or an interest in a krill fishery. These "watch
dog" countries are more inclined toward conservation. Second,
CCAMLR can enjoy the advances in multi-species management
strategies that have been made since the early days of the
IWC. Article 3 of the treaty mandates that the entire
ecosystem and relationship within the ecosystem must be
considered in any management regime.
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The treaty also recognizes the depleted levels of the
whale stocks and the need to encourage their recovery. But
the total effects of harvest related perturbations on
Antarctic cetaceans may be more complex than simple depletion.
Each of the hunted mysticete whales underwent a different time
period of peak exploitation, was protected at different times
and has probably been undergoing different rates of recovery,
if any are recovering at all. There is also evidence to
suggest that the reproductive biology of certain species was
altered by the effect of stock density changes. For example,
the age of reproductive maturity went down and the rate of
pregnancy rose in blue, fin, and sei whale populations
(Gambell 1985). There is similar evidence of density dependent
changes in the minke whale fishery where up to 90% of females
are pregnant (Masaki 1980), and where the mean age of sexual
maturity has also declined (Kato 1987).
In order to include cetaceans in mUlti-species models,
basic information is needed by CCAMLR concerning distribution
and abundance, life history, and spatial and temporal trophic
interactions of the remaining populations. Much has and can
be learned from studying catch statistics and the biological
characteristics of individual whales caught. Working with data
from the Bureau of International Whaling Statistics and the
IWC, CCAMLR is overseeing studies on the history of
.4Il'i
exploitation in order to understand past habitat and prey
utilization and to infer the present status of these whale
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populations (Mizroch 1985). At present, however, there are few
studies monitoring the remaining whale stocks. Most of the
published literature is on what was killed in the Antarctic
and not on what is currently there.
Uncritical use of that information in formulating the
policies of CCAMLR could lead to spurious management decisions
in the Antarctic. The science underlying public policy must
be accurate, subjected to peer review, and continually
questioned. One problem is that there has been very little
applied research done in the Antarctic. It is only recently
that CCAMLR came into existence and detailed what information
is needed to make management decisions.
There have been few requests for public policy related
science in the Antarctic before CCAMLR. While the IWC did
request scientific advice for management decisions, it did not
follow that advice and only recently has it requested and/or
directed research programs that actually do have relevance to
management decisions.
Traditionally, Antarctic science has been under the
auspices of "basic research" programs including the
International Geophysical Year and all the programs falling
under the umbrella of the Antarctic Treaty. In fact, the
Uni ted states National Science Foundation, which has the
largest Antarctic science budget of any country (>$100
million), has intentionally excluded science programs that
had application to management issues.
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So strong is this NSF tradition to conduct only basic
research that when the United States attempted to fulfill its
treaty obligations to CCAMLR, the job was given to the
National Oceanic and Atmospheric Administration in the
Department of Commerce under the AMLR program. Ironically, the
one to two million dollar annual budgets for the applied
research of AMLR have been very difficult to obtain from
Congress and the White House. Applied research has only
recently become important under the very clear mandates of
CCAMLR. The United States and other countries should devote
more resources toward satisfying the needs of the CCAMLR
Scientific Committee.
3.6 CETACEAN RESEARCH NEEDS
Research on mysticete whales of the Antarctic Peninsula
area is urgently needed by the CCAMLR scientific committee.
These studies can be divided into three areas:
1) Sighting surveys to determine the present species
composition, distribution, and abundance of
mysticete whales. While reviews of catch records
are valuable in determining past habitat
utilization, the major discrepancies between these
data and recent surveys in the Antarctic Peninsula
area show the need for more recent data . In
conjunction with sighting surveys, individual
identification studies of humpback and right whales
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can be used to estimate abundance, through
mark-recapture statistics, and to delineate
migration routes (Katona 1985; stone et ale 1987;
Whitehead et ale 1988). Catalogs of individually
identified humpback and right whales have already
been begun for the Antarctic Peninsula area (Stone
et al. 1987; Stone and Hamner 1988). This relatively
low cost research should be aggressively pursued in
specially targeted areas.
2) The Ecosystem Monitoring Group of the CCAMLR
Scientific Committee needs to understand the
energetics of cetaceans in the Antarctic ecosystem.
Estimates of cetacean abundance have been used to
calculate total cetacean food requirements for the
shelf-edge region of the Northeastern United States
(Kenney et ale 1983; Scott et ale 1983; Hain et ale
1985). With an adequate data base of cetacean
distribution and abundance for the Antarctic
Peninsula area, similar analyses can be done to
compute annual and seasonal Kcal/day requirements
for cetaceans, and estimates of krill consumption
by cetaceans can be derived from this.
3) Studies on the observed relationships between
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cetaceans and krill during hydro-acoustic surveys
(BIOMASS 1986) will also be useful for ecosystem
monitoring purposes. As research vessels cruise
Antarctic waters observing krill schools with sonar,
cetacean observers can simultaneously record whale
densities. Such a study was conducted during 1987
and a positive correlation was found between minke
whale densities and estimated krill biomass,
indicating that when minke whales are present
their density appears to be an indicator of krill
abundance (AMLR 1987; Stone 1987).
In order to ensure the bio-diversity and health of the
Antarctic ecosystem, there are, of course, research needs in
all areas the CCAMLR scientific committee has identified. Due
to the poor management policies of the IWC during this
century, however, whales are perhaps the weakest players on
the stage of the emerging krill fishery and will need special
attention. It may be necessary to set aside areas of
particularly high whale densities or areas utilized by
severely depleted species (such as the right whale) as
conservation zones where no fishing is allowed. But before
such measure can be considered there is need for current
information and research on the status of Antarctic whales.
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CHAPTER FOUR
CONCLUSION
The results presented here show that, after minke
whales, humpback and right whales are the most abundant
mysticete whale species in the Antarctic Peninsula area and
that there have been few blue, fin or sei whales seen during
recent years. The species composition and relative abundances
of mysticete whales in the Antarctic Peninsula area appears
to be very different from what published estimates of
abundance indicate.
The present status of Antarctic mysticete whales is due
primarily to the effects of the whaling industry's harvests
during this century. The serial depletion of blue, fin, sei,
and humpback whales illustrated the poor management ability
of the IWC and the greed of member nations. The future
management of Antarctic mysticete whales is the
responsibility of the IWC and CCAMLR. The IWC will continue
to manage harvests, while CCAMLR monitors ecosystem changes,
krill and other living resource harvests, and the effects of
these harvests on whale stocks and other predators.
Important and sobering lessons have come from the
management of Antarctic mysticete whale stocks during this
century. The abysmal management and the resulting crashes of
most mysticete whale species illustrate the need'for carefully
planned and executed regulation and research in the co~ng
years for krill and other marine resource exploitation
programs.
The most important component of the management plan is
the compilation and wise use of scientific information about
mysticete whales and the effects on the whales of removing
krill or altering the ecosystem in some other way. However,
there is at present inadequate information to estimate the
abundance of mysticete whales in the Peninsula area or to
evaluate their role and needs within the Antarctic ecosystem.
This leaves the science community in the very familiar
position of "needing to do more research" before any
conclusions can be made. This situation reflects the inherent
conservatism of science and the unpredictability of natural
biological systems.
What can scientists and policy-makers do when they need
information for decisions in the face of such uncertainties?
The response should be twofold: 1) Formulate precisely the
research program needed to provide the information; and 2)
Provide the best assessment of the issue based on available
information, with an indication of what is established and
what is intelligent guesswork.
Antarctic ecosystem management will always need more
research and CCAMLR has outlined general research programs to
address the mysticete whale issue. Presently lacking are
accurate compilation and interpretation of available
information and the actual plans to conduct the needed
research.
Published estimates of
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abundance and generalized
descriptions for mysticete whales of the Antarctic do not
agree with recent research results from the Peninsula area.
There are more humpback and right whales and fewer blue, fin,
and sei whales than the information currently summarized for
policy-makers suggests. The relative abundances of whales in
the Peninsula area, with the exclusion of minke whales, may
be exactly opposite from what CCAMLR would expect from most
published sources. This can have profound implications for
management and research. For example, considering the world-
wide plight of the depleted right and humpback whales, those
two species in the Antarctic Peninsula area should be given
special conservation attention, perhaps with specially
protected feeding zones. It is also critical that scientists
and policy-makers seriously consider why there are so few
blue, fin, sei whales in this area and formulate measures to
assist their recovery or repopulation of the area.
Along with efforts to estimate mysticete whale abundance
and distribution, a long term research goal should be to
estimate their energetic requirements and the minimum
densities of krill that they need in order to feed.
Management of mysticete whales in the Antarctic must now
extend into habitat preservation and maintenance of food
resources. With the growing and widening human impact on
natural ecosystems, there comes a responsibility' to understand
our effects on those systems and to ensure that animals will
not be deleteriously affected. At present, there is no better
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place to aggressively pursue this line of investigation than
in the Antarctic.
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